Introduction
The induction of an immune response requires the selective localization and residence time at different intracellular sites. After synthesis in the endoplasmic reticulum, the invariant activation of antigen-specific T lymphocytes. The most potent antigen-presenting cells for the stimulation of these T cells chain (Ii) associates with the α and β chain of MHC class II molecules, inhibiting premature peptide binding to MHC class are dendritic cells (reviewed in 1). Derived from bone marrow, dendritic cells seed virtually all tissues. Several mechanisms II molecules (8, 9) . Furthermore, at the trans-Golgi network, Ii functions in targeting αβ complexes to MHC class II are utilized by tissue dendritic cells to internalize a broad array of antigens (2,3). However, they have a low capacity to compartments (10-12). Here, the lumenal domain of Ii is degraded in distinct steps from its lumenal domain, most activate T cells and hence are called 'immature' dendritic cells. Following an inflammation, dendritic cells leave the probably by the endosomal proteases cathepsin S and/or L (13,14). The final processing product of Ii is CLIP, for class tissues via the draining lymph and migrate to lymph nodes. Concomitantly, dendritic cells mature and gain properties for II-associated peptide, that occupies the peptide binding groove. Exchange of CLIP for antigenic peptides is catalyzed efficient antigen presentation to T lymphocytes.
In immature dendritic cells most MHC class II molecules by the chaperone HLA-DM (15-17). After loading, MHC class II-peptide complexes are transported to the cell surface for are localized intracellularly in MHC class II compartments (2,3). In these organelles, peptides derived from antigens presentation to T lymphocytes. Besides Ii and HLA-DM, several members of the tetraspan internalized via the endosomal/lysosomal pathway are loaded onto MHC class II molecules (4-7). During the lifespan of an superfamily have been described to associate with class II molecules. Tetraspanins are molecules containing four MHC class II molecule, several chaperones influence its membrane-spanning domains and short cytoplasmic tails Subcellular fractionation that associate with a variety of molecules (reviewed in 18). Subcellular fractionation of dendritic cells was performed At the plasma membrane of B lymphocytes large complexes as described (3,5). Briefly, immature dendritic cells were  are present consisting of MHC class II molecules, integrins,  homogenized, nuclei were removed and the postnuclear  and the tetraspanins CD9, CD37, CD53, CD63, CD81 and supernatant was treated with trypsin. Membranes were CD82 (19) (20) (21) . Furthermore, several tetraspanins are sedimented by centrifugation for 45 min at 100,000 ϫ g and expressed in MHC class II compartments in B cells, where electrophoresed for 90 min at 10.4 mA in a Ficoll gradient. they form complexes with class II molecules and HLA-DM Fractions of 0.5 ml were collected from the top. The amount (22, 23) . The function of tetraspanins on the plasma membrane of protein was measured according to Bradford (29) . The and in class II compartments remains to be resolved. activity of β-hexosaminidase was assayed as described (30) . In immature dendritic cells, several cell type-specific mechanisms contribute to the distribution of MHC class II Two-dimensional gel electrophoresis molecules, as compared to other antigen-presenting cells.
Two-dimensional isoelectric focusing (IEF)/SDS-PAGE was First, upon synthesis, part of the class II-Ii complexes are performed according to O'Farrell (31) with previously transported to the plasma membrane, after which they are described modifications (32) . IEF was performed using rapidly internalized, Ii is degraded and peptides are loaded Resolyte, pH 4-8 (BDH, Poole, UK). Gels were subjected to onto class II molecules (24) . Second, at steady-state, MHC silver staining according to Heukeshoven (33) . class II molecules recycle from the plasma membrane to intracellular sites (25, 26) . Both newly synthesized and recycImmunization and generation of hybridomas ling MHC class II molecules can be loaded with peptides derived from internalized antigens (25) . In mice, MHC class Two female BALB/c mice were immunized by s.c. injection in II distribution is regulated through Ii proteolysis (27) Biotech) and 10% dialyzed FCS. Cells were washed and chased in complete medium, supplemented with 2 mM Antibodies and cells methionine and cysteine, or lysed directly. Lysis buffer contained 20 mM HEPES, pH 7.5, with 100 mM NaCl, 5 mM The following antibodies were used: I98 (IgG1), K31 (IgG1), anti-CD63 (IgG1; CLB, Amsterdam, The Netherlands), antiMgCl 2 and 1% Triton X-100 with protease inhibitors (10 µg/ml chymostatin, 10 µg/ml leupeptin, 10 µg/ml aprotinin, Lamp-1 (H4A3, IgG1, ascites, anti-Lamp-2 (H4B4, IgG1, H4A3 and H4B4 developed by Drs August and Hildreth were 10 µg/ml antipain, 10 µg/ml pepstatin and 1 mM PMSF) (35) . Dendritic cells were generated from human peripheral blood gift from Dr C. Watts) and rabbit polyclonal antiserum (kind gift from Dr H. Ploegh) for 2-12 h at 4°C, followed by 1 h monocytes as described before (28) . Monocytes separated by centrifugal elutriation, on Percoll gradients or using anti-CD14 incubation with 30 µl Protein A-Sepharose (Pharmacia). The immune complexes were washed 3 times with 1 ml of lowbeads (Dynal, Great Neck, NY) were cultured for 4-8 days in RPMI 1640 supplemented with 10% FCS (Hyclone, Logan, salt buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.2% NP-40 and 2 mM EDTA), 3 times with 1 ml of high-salt buffer UT), 50 ng/ml recombinant granulocyte macrophage colony stimulating factor (Leucomax; Sandoz, Basel, Switzerland) (10 mM Tris-HCl, pH 7.5, 500 mM NaCl, 0.2% NP-40 and 2 mM EDTA) and twice with 1 ml of 10 mM Tris-HCl, pH 7.5. and 1000 U/ml recombinant IL-4.
Immune complexes were eluted from the Protein A-Sepharose fragilis; Boehringer Mannheim) in 50 mM Na acetate (pH 5.8) with 0.2 mg/ml BSA for 24 h at 37°C. As a control, the enzyme beads by incubation at 95°C for 5 min in Laemmli sample buffer (36), and subjected to SDS-PAGE, fluorography and was omitted. autoradiography. Immune complexes from CHAPS lysates were washed 5 times in CHAPS buffer containing 0.5% Results CHAPS and separated under non-reducing conditions. When indicated, half of the immune complexes were incubated prior Analysis of antigens in MHC class II compartments to elution with 10 mU endo-β-galactosidase (Bacteroides To search for molecules possibly involved in MHC class IIrestricted antigen presentation in human dendritic cells, MHC class II compartments from immature dendritic cells were purified and used to immunize mice for the generation of mAb. To isolate MHC class II compartments, immature dendritic cells were homogenized and subcellular organelles separated by electrophoresis (3,5). During electrophoresis, negatively charged organelles, such as lysosomes (as analyzed by β-hexosaminidase activity) and MHC class II compartments (as analyzed by immunoblotting using anti ClII antibodies), migrated towards the anode (Fig. 1A, ' shifted'). The bulk of organelles, including the MHC class II positive plasma membrane, remained unshifted (Fig. 1A , 'unshifted').
To compare the protein composition of the different pools, organelles were subjected to two-dimensional IEF/SDS-PAGE followed by silver staining. As shown in Fig. 1 (B and C), different sets of polypeptides were resolved in the pooled 'shifted' and 'unshifted' fractions. The purified MHC class II containing organelles were used to immunize mice as described in Methods. After immunization as described in Methods, mice were sacrificed and regional lymph nodes were fused with myeloma cells to raise hybridomas. Out of 994 hybridomas screened, 71 were reactive in immunoprecipitation (Table 1) . As expected, most antibodies raised were generated against proteins known to be present in MHC class II compartments, such as MHC class II molecules, Ii, HLA-DM and the lysosomal membrane protein Lamp. Interestingly, a number of antibodies recognized MHC class I-like proteins, possibly members of the CD1 family. CD1 molecules are β 2 -microglobulin-associated polypeptides that can present microbial lipid antigens and several members of this family are present in MHC class II compartments (37, 38) . The majority of the hybridomas produced antibodies against intracellularly residing molecules, indicating the validity of the following procedure. Four mAb recognized unknown proteins. fractionation of metabolically labeled cells. Fractions containing β-hexosaminidase activity (Fig. 3: pool I, 'shifted', as in Fig. 1A ) as well as fractions containing the bulk of proteins (pool II, 'unshifted', as in Fig. 1A ) were pooled and lysed in 1% Triton X-100-containing buffer. As a control for fractionation and pooling, part of the lysate was immunoprecipitated with antibodies against Lamp or MHC class I molecules, as marker proteins for lysosomes and for the plasma membrane respectively. As expected, Lamp was detected in 'shifted' fractions only while MHC class I in 'unshifted' fractions ( Fig.  3B ).
As shown in Fig. 3(A) , CD63 was predominantly present in 'shifted' fractions. As described before (3), equivalent amounts of MHC class II molecules were present in class II compartments and at the plasma membrane (Fig. 3A) .
CD63 is a member of the tetraspanin superfamily. Immature dendritic cells express readily detectable levels of CD9, a tetraspanin with broad tissue distribution first described in platelet granules, CD53, a lymphoid-and myeloid-restricted tetraspanin, and CD81, that is expressed by most cell types, consistent with the presence of a housekeeping promotor in the gene of this tetraspanin (18). The tetraspanins CD37 and (Fig. 2A) . The antigens recognized by containing buffer to preserve intermolecular interactions and proteins were immunoprecipitated using anti-CD63 anti-I98 and K31 migrated identically after two-dimensional IEF/ SDS-PAGE analysis (data not shown). To identify the antigen bodies. SDS-PAGE and fluorography revealed that besides the CD63 polypeptides, a protein of 35 as well as 28 kDa recognized by I98, re-immunoprecipitation as well as depletion experiments were performed using a variety of antibodies were present in the CD63 (Fig. 4A) . The molecular weight of these proteins is identical to those of MHC class II α and β against proteins known to reside within MHC class II compartments. Cells were metabolically labeled with [ 35 S]methionine/ chain (Fig. 4A) . Indeed, re-immunoprecipitation using anti-MHC class II antibodies showed that CD63 is associated with cysteine for 14 h and lysed after which part of the lysate was depleted using I98 antibody (Fig. 2B) . Among the various MHC class II molecules in immature dendritic cells (Fig. 4A) . Subsequently, the association of other tetraspanins with antibodies tested, antibodies to the CD63 antigen precipitated proteins of mol. wt~50 kDa which were not precipitated from MHC class II molecules in immature dendritic cells was analyzed by re-precipitation. As is shown in Fig. 4(B) , immunoa lysate depleted with I98 (Fig. 2B) . As a control, both nondepleted and depleted lysates were incubated with anti-class precipitation of CD9, CD53 and CD81 resulted in the coprecipitation of MHC class II molecules, although to a lesser II antibodies, resulting in a similar recovery of MHC class II extent as compared to CD63. Interestingly, a small mol. wt polypeptide was found to be associated specifically with the class II molecules associated with CD63, which is likely to represent an Ii degradation fragment that is generated in a post-Golgi compartment (5,7).
Although all analyzed members of the tetraspanin family form complexes with MHC class II molecules on dendritic cells, only CD63 is localized intracellularly. To directly analyze the subcellular localization of CD63-class II complexes, organelle electrophoresis of metabolically labeled immature dendritic cells was performed (Fig. 5A ). Fractions were pooled as indicated in Fig. 5 , lysed in CHAPS buffer and immunoprecipitated with anti-CD63 antibodies. SDS-PAGE analysis showed that CD63-class II complexes migrated at the position of the MHC class II compartments (Fig. 5B and C) . No other polypeptides (other than Ii-related products) were detected to be associated with the CD63-MHC class II complex.
In MHC class II compartments, peptides are loaded onto class II molecules; these organelles therefore contain both empty and peptide-loaded class II complexes (5,42,43 ). To analyze with which cohort of class II complexes CD63 was associated, the SDS stability of the CD63-associated class II molecules associated with CD63 also occurred as dimers, indicating that CD63-class II complexes contain peptide-loaded MHC class II molecules (Fig. 6) . Notably, the relative amount of SDS-stable complexes was larger in CD63-associated MHC class II molecules as compared to the amount in the total pool of MHC class II molecules.
Discussion
Efficient loading of antigenic peptides on MHC class II molecules occurs in specialized organelles, MHC class II compartments (4-6). This process is highly efficient in immature dendritic cells, antigen-presenting cells that can initiate T cell responses against foreign antigens (1). In these cells, MHC class II molecules are expressed at high levels, and recycle between the cell surface and the intracellular MHC class II compartment (25, 26) . Antigens are internalized into dendritic cells by various endocytic mechanisms, ensuring a steady flow of potential antigenic peptides to the class II loading compartment (2,3).
The mechanisms that are involved in the regulation of peptide loading onto MHC class II molecules remain poorly advantage over other, less professional antigen-presenting cells.
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The validity of the approach used was indicated by the Abbreviations fact that numerous hybridomas were raised against known 
